Introduction {#sec1-1}
============

Pelvic ring fractures (PRFs) are rare injuries which occur with a frequency of approximately 20-37 per 100.000 population ([@ref1],[@ref2]) and represent up to 6% of all fractures ([@ref3]-[@ref5]).

PRFs are often caused by high energy traumas, such as road traffic accidents (50%), work accidents (30%) and falls from high (15%). They are described in up to 20% of polytrauma patients and are associated with high mortality and severe morbidity; mortality in fact ranges from 8% to 32% and it is mostly caused by vascular (50%) and urinary injuries (30 %) ([@ref7]).

Up to 22% of all pelvic fractures are hemodynamically unstable and for this reason their treatment requires a multidisciplinary team approach including the general, vascular and orthopedic surgeon, anesthesiologist and interventional radiologist ([@ref8]-[@ref10]), which together have to manage injuries of different districts.

Consequently, orthopedic definitive treatment is often delayed. Optimal timing for fixation is not yet clear but recent guidelines suggest that open reduction and internal synthesis within 21 days is associated with a higher percentage of excellent reductions and better long-term results ([@ref11]).

The aim of this study was to define if surgical timing influenced clinic and radiographic outcomes following open reduction and internal fixation (ORIF) for Tile B and C fractures ([@ref12]-[@ref15]).

Materials and methods {#sec1-2}
=====================

Patients who underwent ORIF for Tile B and C PRFs between January 2010 and January 2018 were included in this retrospective trial with a minimum follow-up of 1 year. Each case was identified from an information database at the University Hospital of Parma. Patients in whom charts or radiographs were unavailable or incomplete were excluded. Other exclusion criteria were open fractures and concomitant acetabulum or columns fractures.

Age, gender, mechanism of injury (low/high energy trauma), fracture classification according to Tile and surgical characteristics (quality of reduction and surgical timing) were extracted from the database and registered.

A functional evaluation of all subjects was performed at follow-up (mean 4.3 years; min. 1 and max. 9) through the Majeed Pelvic, Iowa Pelvic and Orlando Clinic Pelvic Score ([@ref16]-[@ref18]).

A radiological analysis was done by an indipendent observer (ML) using antero-posterior, inlet and outlet views performed immediately after surgery and at follow-up. Each radiograph was assessed according to Matta Pelvic Score in order to classify the quality of reduction ([@ref19]).

All data were entered into a database (Microsoft Excel). Descriptive statistics (mean, percentage and ranges) were calculated. The Mann-Whitney U test was used to compare the two groups. Statistical analysis was undertaken using SPSS for Windows. Statistical significance was defined as p value of \<0.05.

Results {#sec1-3}
=======

Thirty-eight patients respected the inclusion criteria and all underwent to ORIF. Twenty out of 38 (group 1) were operated within 21 days from trauma and 18 were surgically treated later (group 2).

In group 1 6 (30%) were females and 14 (70%) males and in the second group 3 (16.7%) were females and 15 (83.3%) males. The mean age at the time of injury was 40 years in group A (25-60) and 42 in group B (30-61). An high energy trauma was described in 75% of cases in group 1 and in 82% of group 2.

In group 1 the mean time between injury and surgery was 10 days (min. 5 max. 20) and in the second group was 24 days (min. 21 max. 30).

In group 1, 15 patients had Tile B1 fracture ([Figure 1](#F1){ref-type="fig"}), 1 Tile B 2 and 4 Tile C1; in group 2 10 fractures were Tile B1, 1 Tile B2 and 7 Tile C1 ([Figure 2](#F2){ref-type="fig"}).

In group 1 the average Majeed Pelvic Score was 86/100, the average Iowa Pelvic Score was 71/90 and the mean Orlando Pelvic Score was 22.3/30. In group 2 these results were respectively 63.17/100, 59.50/90 and 17.33/30. There was a statistically significant difference among the two groups for all the scores (p=0.002, p=0,004, p=0,032) ([Figure 3](#F3){ref-type="fig"}A, 3B, 3C).

Radiological evaluation was in line with the clinical results and showed better reduction in group 1 (70% of cases with anatomic or excellent reduction) compared to group 2 (40% of cases with anatomic or excellent reduction) (p=0.047). This situation was similar immediately after surgery and at follow-up ([Figure 4](#F4){ref-type="fig"}).

Discussion {#sec1-4}
==========

PRFs occur mainly in polytrauma patients and their presentation can be critical given the association with high energy traumas, haemodynamic instability and life threatening injuries.

Mortality, which is caused mainly by vascular and urinary injuries, is reported in up to 32% of cases ([@ref7]) and those which require resuscitation are described in up to 25% of subjects ([@ref8]-[@ref10]). For this reason the best management of such injuries is based on a multidisciplinary approach which includes general, vascular and orthopedic surgeon, anesthesiologist and interventional radiologist, which together have to treat injuries of different districts.

In the past the majority of PRFs were managed non operatively. In Tile A lesions conservative treatment was associated to satisfactory results ([@ref20]-[@ref22]). This is not valid in Tile B and C patterns ([@ref23]-[@ref26]). Multiple studies in fact have shown the persistence of pain and reduced function in patients with residual deformity of the posterior pelvic ring greater than 1 cm ([@ref23],[@ref26]) and poorer functional outcomes. For these reasons ORIF is the treatment of choice in the majority of these more severe injuries. A systematic review by Papakostidis et al. ([@ref23]) found that Tile B and C PRFs treated with operative fixation had a higher union rate and a better quality of reduction that nonoperatively managed fractures. Gait disturbance was also found to be more common in nonoperatively managed cases. So a definitive fixation is necessary, and should be performed early.

The definition of the length in time of that early period is really difficult and optimal timing of synthesis is not yet clear. The definitive pelvic fixation is necessarily often delayed and it depends on the response to resuscitation, the type of associated injuries and the immune-inflammatory status of the patient. Recent evidences suggest to treat PRFs almost within 3 weeks from trauma ([@ref11]). This timing facilitates reduction and stabilization of the fractures, thus guaranteeing better long-term outcomes ([@ref11]).

This study confirms these assumptions. In fact, better clinical and radiological results have been observed in those patients in which fixation was performed within 21 days from trauma.

![Tile B1 PRF in a patient of group 1. A; preoperative x-rays. B; postoperative radiographs with anatomical reduction. C; x-rays 2 years after trauma with the same quality of reduction](ACTA-90-76-g001){#F1}

![Tile C1 PRF in a patient of group 2. A; preoperative x-ray and arteriography for embolization of the sacral branch of the left hypogastric and of the right epigastric artery. B; postoperative radiographs considered imperfect according to Matta Pelvic Criteria. C; x-ray 1 year after trauma](ACTA-90-76-g002){#F2}

![A. Majeed Pelvic Score. B. Iowa Pelvic Score. C. Orlando Clinic Pelvic Score. Distribution of the scores in relationship to timing of surgery. Better clinical results are observed in early surgery.](ACTA-90-76-g003){#F3}

![Postoperative (A) and at follow-up (B) radiographic evaluation. Similar distribution in A and B; better results in early surgery](ACTA-90-76-g004){#F4}

Conclusions {#sec1-5}
===========

The results observed in the present study underline that an early orthopedic surgical treatment in PRFs guarantees better clinical and radiographic evolution. Associated severe clinical conditions can delay the definitive pelvic fixation which should be performed within 3 weeks from trauma.
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